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We present allowed regions in the space of observables of certain non-leptonic B-meson decays that 
characterize these modes within the Standard Model. A future measurement of observables lying 
significantly outside of these regions would indicate the presence of new physics. Making use of 
SU{3) arguments, we give the range for B -^ ttK decays, and for the system of Ba -^ tt^tt", 
Bs ~* K+R- modes. 
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As is well known, the B-meson system provides a very 
fertile testing ground for the Standard-Model description 
of CP violation, where this phenomenon originates from a 
complex phase in the Cabibbo-Kobayashi-Maskawa ma- 
trix (CKM matrix). In order to search for new physics, 
one of the main methods is to overconstrain the three 
angles a, (3 and 7 of the usual non-squashed unitarity 
triangle of the CKM matrix, thereby searching for possi- 
ble discrepancies. During the last years, many interesting 
strategies were proposed to accomplish this task [Q. 

In this paper, we propose a simple approach, which 
offers the exciting possibility of immediate indications 
of new physics at future i?-decay experiments. It re- 
lies on the fact that certain non-leptonic _B-mcson de- 
cays into two light pseudoscalar mesons can be character- 
ized, within the Standard Model (SM), by regions arising 
in the space of the corresponding observables. If future 
measurements of these observables should result in val- 
ues lying significantly outside of these regions, we would 
have an indication for the presence of new physics. 

We show these regions for two different combinations 
of i? ^ ttK modes 0-[^, as well as for the system of 
Bd -^ TT+TT^ and Bs -^ K^K^ decays [^. In order to 
evaluate them, we have to make use of SU{S) flavour- 
symmetry arguments in both cases. In the B — > ttK 
case, which is very promising for e~^-e~ i3-factories, an 
additional dynamical assumption concerning final-state- 
interaction (FSI) effects has to be made |j. This is 
not necessary in the Bd -^ tt+tt", Bg -^ K^K~ sys- 
tem, which is ideally suited for "second-generation" B- 
physics experiments at hadron machines, such as LHCb 
or BTeV. Since flavour-changing neutral-current "pen- 
guin" processes play an important role in i? ^ ttK, 
Bd -^ TT+TT" and Bg -^ K^K~ decays, they may well be 
affected by new physics H,^,^. Moreover, the unitarity 
of the CKM matrix is used to evaluate the corresponding 
allowed regions. 

Let us turn to the B — + iiK system first, which al- 
ready allows us to confront the contours in the space of 
observables with experimental data from the CLEO col- 
laboration ||lO|. We will consider two different combina- 



tions of B 
and B± - 



ttK decays: the charged modes B^ 



7rOX± 



r± 



K,Bd 



||,Q,^, and the "mixed" combination 
> 7rTX± g. Within the SM, we have 



P = A{B+ -^ t:+K°) cx [1 
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where 



with A 



pe''> = 
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Vuc + A 

Vtc 
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(2) 



0.22, A = \Vcb\/y = 0.81 ± 0.06 and 
Rb = \Vub/iXVcb)\ = 0.41 ± 0.07. The amplitudes A and 
Vtc = iVtcle"^^*" i'Puc) are due to annihilation and penguin 
topologies with internal top- and charm-quark (up- and 
charm-quark) exchanges, respectively. The SU{2) isospin 
symmetry of strong interactions implies 



A(B^ 



-K'> 



+ V2A{B+ - 
= -[{T + C) 



I -low 1 



where the amplitudes 

T + C=\T + C\ e'^^+<' e'^ and Pew = - l^c 



„ii5„ 



(3) 



(4) 



arise from current-current and electroweak penguin op- 
erators, respectively (the 6s denote strong phases). The 
SU{3) fiavour symmetry of strong interactions allows us 
to fix |T + C| with the help of the decay B+ -^ tt+tt" [|: 

T + C=-V2^^A{B+^7r+7r°), (5) 

Vud Jit 

where the kaon and pion decay constants take into ac- 
count factorizable S'C/(3)-breaking corrections. More- 
over, we have in the strict SU{'i) limit M 



Po. 



T + C 



i((5e„-i5r+c) _ Q gg 



0.41 



Rb 



(6) 



The factorizable S'C/(3)-breaking corrections to this rela- 
tion are very small, and its theoretical accuracy is only 
limited by non- factorizable effects. In a recent paper 
|ll| , an interesting approach making use of a heavy-quark 
expansion for non-leptonic B decays was proposed that 
could help to reduce these uncertainties. 



The decays B'^ 



r+S-O 



K° and B+ -^ n°K+ provide 



the following observables: 



Re 



Afi 



BR{B+ -^ TT°K+) + BR{B- -^ tt^R- 



BR(B+ -^ TT+K°) + BR(B- -^ n- R^) 
BR(B+ -^ TT^R+) - BR{B- -^ tt^R-) 



BR{B+ -> TT+RO) + BR{B- -^ tt-R°) 



(7) 



(8) 



where the factor of 2 has been introduced to absorb 
the normahzation factor of the tt". The present CLEO 
data imply Re = 1.3 ± 0.5 Q; very recently, also 
the first results for CP-violating asymmetries in charm- 
less hadronic _B-meson decays were reported, leading to 
Ag = 0.35 ±0.34. 

In order to parametrize Re and Ag, it is useful to in- 
troduce 



_ \T + C\ 



qe" 



Pr. 



T + C 



J{S„^-St+c) 



(9) 



The general expressions for Re and Aq in terms of these 
parameters and pe^^ can be found in jlj]. Here we re- 
strict ourselves, for simplicity, to the case of p = 0, corre- 
sponding to the neglect of rescattering processes |j , and 
to oj = 0, corresponding to (^). Then we obtain 



Re = I — 2rc (cos 7 — q) cos 6c + v'^r'l 
Aq — 2re sin 5e sin 7, 



(10) 
(11) 



where 5e = ^T+c^^tc and v = i/l — 2(7 cos 7 -I- q^. Since 
Te and q can be fixed through (||) and (|[), respectively, 
the two observables Re and Aq depend on the two "un- 
knowns" (5c and 7. Consequently, if we fix re and q - 
present data give re = 0.21 ± 0.06 and q = 0.63 ± 0.15 - 
and vary 5e and 7 within [0°,360°], ^ and (0) imply 
an allowed region in the Re-A^ plane. 
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FIG. 1. Allowed region in the R^-Aq plane, characterizing 
B^ -> -K^K, -K^K^ in the SM: (a) 0.15 <r^< 0.27, q = 0.63; 
(b) re = 0.21, 0.48 < g < 0.78. FSI effects are neglected. 



In Fig. |l], we show this region for the currently allowed 
values of the parameters Vc and q. The small dependence 



on the latter parameter (see Fig. |](b)) is due to the sup- 
pression through re in (M). A similar suppression is also 
effective for the terms of 0{p) in i?e, which are related 
to FSI effects. If we use the observable 



B^r. = A^ 



BR(B+^7r+K°)-BR(B~^7r-JfO) 
BR(B+^Tr+i<-0)+BR(B-^7r-7fO) 



(12) 



instead of Aq, the terms of 0{p) are suppressed by re as 
well, as was also noted in Ref. [|j. In the case of Fig. [|, 
the FSI effects are neglected, leading to B^ — Aq. If we 
choose re = 0.21, q = 0.63, and assume that p = 0.15, 
which would correspond to very large rescattering effects, 
while keeping •& e [0°,360°] as a free parameter, we ob- 
tain the allowed region shown in Fig. 0. This figure shows 
nicely that the impact of FSI effects on the allowed re- 
gion in the Re-B^ plane is very small. Let us nevertheless 
note that the FSI effects can be probed - and in princi- 
ple even included in Fig. |l| - with the help of additional 
experimental data ||l^ , [l3| , for example on B^ —> K^K 
modes. 




FIG. 2. Allowed region in the Rc~Bq plane, characterizing 
5="= -^ -K^K, TT°K^ in the SM in the presence of large FSI 
effects, which are described by p = 0.15 (r^ = 0.21, q = 0.63). 



The dotted range in Fig. |l| corresponds to the present 
CLEO results for Re and Aq. If future measurements 
of Re and Aq should give values lying significantly out- 
side the allowed region shown in Fig. n^, we would have 
an indication for new physics. On the other hand, if we 
should find values lying inside this region, this would not 
automatically imply a "confirmation" of the SM. In this 
case, it would be possible to extract a value of 7 by fol- 
lowing the strategies proposed in [Q,|2|, which may well 
lead to discrepancies with the values of 7 that are im- 
plied by theoretically clean strategies, using pure "tree" 
decays, such as i? — > DK or Bg -^ DfK^, or by the 
usual "indirect" fits of the unitarity triangle. In a recent 
paper M, several specific models were employed to ex- 
pore the impact of new physics on i? — > nK decays. For 
example, in models with an extra Z' boson or in SUSY 
models with broken i?-parity, the resulting electroweak 
penguin coefficients can be much larger than in the SM, 
since they arise already at the tree level. In this paper. 



it is not our purpose to consider specific models for new 
physics. However, we plan to come back to this issue in 
a forthcoming publication. 
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FIG. 3. Allowed region in the R-Aq plane, characterizing 
B^ -^ TT^K, Bd -^ n^K^ within the SM for 0.13 <r< 0.23, 
qc e'"c = 0.66 X 0.25. FSI effects are neglected. 

In Fig. ^, we show the allowed region for the observ- 
ables of the B^ — > tt^K, Bd —> n^K^ system Q, where 
R and Aq correspond to Re and Aq, respectively; explicit 
expressions can be found in p2| , where also the param- 
eters r and qc e^^'^ are defined properly. The latter de- 
scribes "colour-suppressed" electroweak penguins, which 
are usually expected to play a minor role [l3 . In contrast 
to the charged case, r and qc e"^*^ cannot be fixed by us- 
ing only flavour-symmetry arguments. To this end, we 
have to employ, in addition, certain dynamical assump- 
tions, such as arguments involving the "factorization" 
hypothesis, and have to keep in mind that the parame- 
ters thus determined may also be affected by FSI effects, 
which have been neglected in Fig. 0. However, there are 
important experimental indicators for such rescattering 
processes, for example the branching ratios of B — > KK 
modes or a sizeable direct CP asymmetry in B^ -^ tt^K. 
In order to reduce these uncertainties, also the approach 
proposed in Rcf. [^ may turn out to be very useful. The 
dotted range in Fig. || represents the present CLEO re- 
sults R = 1.0±0.3 and Aq = 0.04±0.18, which coincides 
perfectly with the allowed region implied by the SM. This 
feature should be compared with the situation in Fig. 1. 
Unfortunately, the present experimental uncertainties are 
too large to speculate on new-physics effects. However, 
the experimental situation should improve considerably 
in the next couple of years. 

Let us now focus on the decays Bd -^ tt+tt^ and 
Bs -^ K^K~ . The latter mode is not accessible at the 
e^-e~ S-factories operating at the T(4S') resonance, but 
is very promising for "second-generation" B-decay exper- 
iments at hadron machines. From a theoretical point of 
view, the Bd -^ tt+tt", Bs -^ K^K~ system has some 
advantages in comparison with the B -^ ttK approach, 
as we will see below. Within the SM, the Bj^ -^ tt+tt^ 



decay amplitude can be parametrized, in a completely 
general way, as follows M: 



A{B°d -^ TT+TT-) oc e'f [l - de'^e-''' 
where the parameter 
1 



de*' 



{l-X^/2)R,\A-^^ + Ali 



Act 

pen 



(13) 



(14) 



describes - sloppily speaking - the ratio of "penguin" to 
"tree" contributions. Employing a notation similar to 
that in ([l3| ) yields 



A{B° ^ K+K-) ex e 



1 



(15) 



where d'e'^' corresponds to (|lj), and e = A^/(l - A^). 
The time evolution of the decay Bs -^ K'^K^ provides 
the following time-dependent CP asymmetry: 



acp(i) 



r(s,"(i)^/)-r(BO(0-/) 



r(so(i)^/) + r(BO(i)-/) 

2 e"^=* [A'^^ cos{AMst) + A'Sp sin(AAf,t)] 



^Ar fe ^H 






(16) 



where Acp, Acp and Aaf satisfy the relation 

{Atil.y + {A^SpY + {AAry^l. (17) 

Using (111), we obtain § 



A^SpiBs^K+K-) = 



2 d' sin 9' sin 7 



l + 2d'cos6''cos7 + d'2 



(18) 



A'SpiBs ^ K+K-) = (19) 

sm{(j)s + 27) -I- 2 d' cos 0' sm{(j)s + 7) + d''^ sin 0^ 

l + 2d'cos6l'cos7-F J'2 

where d' = d'/e, and cps = —"2.6^ = 2arg(Uf*Vi(,) denotes 
the Bg-B^ mixing phase. Within the SM, we have 2^7 « 
0.03 due to a Cabibbo suppression of ©(A^), implying 
that (j)s is very small. 

The expression for the time-dependent Bd -^ tt+tt^ 
CP asymmetry simplifies considerably, since the width 



difference AP^ = P 



id) 



■ Pl between the Bd mass eigen- 



states is - in contrast to the expected situation in the Bs 
system - negligibly small. Using (|l3[), the corresponding 
CP-violating observables can be expressed as |6| 



Acp {Bd 



TT TT = — 



2 d sin sin 7 



1 — 2d cos 9 cos J + d'^ 



(20) 



A^'^iBd ^ TT+TT-) = (21) 

sm{(f)d + 27) — 2d cos 9 sin(0d -I- 7) -I- rf^ sin (f>d 
1 — 2d cos cos 7-1-^2 



where (j)d — 2/3 denotes the B'^-B^ mixing phase. It 
should be emphasized that (|l|), (|lg) and @, (|2|) are 
completely general parametrizations within the SM, tak- 
ing also into account all kinds of penguin and FSI effects. 
Since the decays Bd -^ tt+tt" and Bg -^ K^K~ are 
related to each other by interchanging all strange and 
down quarks, the [/-spin flavour symmetry implies 



de' 



(22) 



Interestingly, this relation is not affected by C/-spin- 
breaking corrections within a modernized version of the 
"Bander-Silverman-Soni" mechanism p5| , which relies 
- among other things - also on the "factorization" hy- 
pothesis . Consequently, unless non-factorizable effects 
should have a dramatic impact, the [/-spin-breaking cor- 
rections to ( p^ ) are probably moderate. We are opti- 
mistic that future B-decay experiments will also provide 
valuable insights into S'[/(3)-breaking effects. Moreover, 
further work along the lines of Ref. [Q may lead to a 
better theoretical understanding of these effects. 




FIG. 4. The allowed region in the space of the CP asymme- 



tries A, 



and 
Bs- 



^d = 

* K+K 



Acp{Bs -^ 



Bd 



-K-), AT = A^^^iBs -^ K+K-) 
tt^tt"), which characterize the 
system within the SM {<j)s — 0). 



If we use the [/-spin relation (g^) , the three observables 
A'^ = A'^^iBs -^ K+K-), A"^ = AZ'^iBs -^ K+R-) 
and A'^ = A^plBd -^ tt+tt") depend on the two hadronic 
parameters d and 9, as well as on the CKM angle 7 and 
the B'^-B'^ mixing phase (/)s . However, the latter quantity 
is negligibly small in the SM, i.e. 0™ « 0. Consequently, 
if we keep d as a free parameter, i.e. < d < 00, and vary 
e and 7 in the interval [0°, 360°], @, ([l|) and @ fix a 
three-dimensional region in the space of the observables 
A^, A™ and Aj, characterizing the B^ -^ K+K~, Bd — > 
TT+TT" system within the SM. This region is shown in 
Fig. 0, where the circles with radius 1 fix a cylinder in 
the A^ direction, which is due to (p7[), implying (A^)^ -|- 



(A™)^ < 1. An interesting feature of the Bd — > tt+tt", 
Bs — > K^K~ predicted region is a hole, which allows for 
new physics also inside the volume. If one restricts the 
penguin parameter d to be smaller than 1, which seems 
to be quite plausible, this hole would be enlarged. It is 
also interesting to note that the /J-spin flavour symmetry 
implies, within the SM, that the direct CP asymmetries 
of Bs — > K^K~ and Bd -^ tt+tt" have opposite signs; 
equal signs would be an indication for new physics. In 
contrast to the B -^ ttK case, we do not have to worry 
about any FSI effects in the Bd — > tt+tt", Bg -^ K^K~ 
system, and no additional information is required to fix 
certain parameters such as Tc or q. 

A future measurement of observables lying significantly 
outside of the region shown in Fig. |j would be an indi- 
cation of new physics. Such a discrepancy could either 
be due to CP-violating new-physics contributions to B^- 



B^ mixing, or to the Bd 



Bs 



K^K decay 



amplitudes. The former case would also be indicated si- 
multaneously by large CP-violating effects in the mode 
Bs -^ J li> (j), which would allow us to extract the B^-B'^ 
mixing phase (ps (see, for example, [[L6[). A discrepancy 
between the measured Bd -^ tt+tt", Bs -^ K~^K~ ob- 
servables and the region corresponding to the value of 0^ 
thus determined would then signal new-physics contri- 
butions to the Bd -^ 7r+7r~, Bs -^ K^K~ decay ampli- 
tudes. On the other hand, if Bs -^ J/'^4> should exhibit 
negligible CP-violating effects, any discrepancy between 
the Bd -^ 7r+7r~, Bs — > K'^K~ observables and the vol- 
ume shown in Fig. would indicate new-physics contri- 
butions to the corresponding decay amplitudes. On the 
other hand, if the observables should lie within the SM 
predicted region, we can extract a value for the CKM an- 
gle 7 by following the strategy presented in Iq] , which may 
well be in disagreement with those implied by theoreti- 
cally clean strategies making use of pure "tree" decays, 
thereby also indica ting the presence of new physics. 

If we use the B^-B^ mixing phase (j>d, which can be de- 
termined, for instance, with the help of the "gold-plated" 
mode Bd — *■ J/ipKg, as an additional input, we may 
also fix a three-dimensional region in the space of the 
observables A'^^{Bd -^ tt+tt-), A^^iBd -^ tt+tt-) and 
Acp{Bs -^ K+K-) through the Standard-Model expres- 
sions d^), (|0|) and (1^). Since the decays Bs -^ K+K' 
and Bd -^ tt^K^ differ only in their spectator quarks, we 
have A^^{Bs -> K+K^) w A^^iBd -^ n^K^). Con- 
sequently, that figure would also be interesting for the 
e+-e^ S-factories, where Bs — > K^K^ is not accessi- 
ble. However, we should keep it in mind that this relation 
relies not only on flavour-symmetry arguments, but also 
on a certain dynamical input concerning "exchange" and 
"penguin annihilation" topologies Iq], which may be en- 
hanced in the presence of large FSI effects. 

To summarize, we have presented a simple strategy, 
which may provide immediate indications for new physics 
at future i3-decay experiments. We plan to discuss in 



more detail several of the features described briefly here 
in a forthcoming paper. 
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